and human health when their values are higher than the corresponding threshold [7] [8] [9] . Therefore, risk assessment of human health and identification of potential sources are necessary and important for the protection of water resources and river aquatic ecosystems [10] .
Heavy metals input to river ecosystems from mining areas mainly comes in the form of mine wastewater discharge, atmospheric deposition, surface and subsurface runoff, and rock chemical weathering [11] [12] [13] . River surface water was particularly easily contaminated by heavy metals due to open environment for disposal of various contaminants [14] . As the numerous sources, non-degradability, bio-accumulation, and persistence, heavy metals enrichment in a river ecosystem could significantly threaten the aquatic life and human population [15] [16] . Heavy metals caused significant concern due to their direct effect on aquatic environment safety [17] [18] , which greatly contributed various diseases and high risks to human health owing to their accumulation and biomagnification in the human body [14] . Although some heavy metals such as Fe, Cu, Zn, and Ni were essential for animal and plant metabolism, they were also potential for affecting the neurological system, kidney function, the ossification process, and various other high-level organs [19] . Other metals such as Cd, Cr, and Pb were highly related with bladder cancer, neurotoxicity, and dysfunction of the hematopoietic system [20] [21] . It had also been observed that chro-nic exposure to low doses of cancer-causing heavy metals might cause many types of cancer [22] . Increased risk of lung cancer death was inevitable from occupational exposure to dusts and mists containing hexavalent chromium [23] . These included dermal, respiratory, cardiovascular, gastrointestinal, haematological, hepatic, renal, neurological, developmental, reproductive, immunological, genotoxic, mutagenetic, and carcinogenic effects [22] . It is crucial to assess the health risks posed on human beings by ingestion of toxic metals through various pathways. Moreover, non-carcinogenic health risks would be evaluated to explore the adverse health effects on inhabitants due to ingestion of and dermal contact with water.
The Le'an River is not only a significant irrigation source for adjacent agriculture, but also is an important source of drinking water [24] . Their aqueous ecosystems were significantly contaminated by heavy metals discharged from a copper mine (the largest open-cast copper mine in Asia), a Pb-Zn mine, and other mines [25] [26] [27] . Heavy metal concentrations in soil and sediment of the Le'an River basin were significantly higher than their corresponding background values. For instance, mean concentrations of Cd, Pb, Cu, and Zn in sediment were 4.713, 100.94, 391.50, and 273.29 mg/kg, respectively, and concentration of Cu in agricultural soil was 64.8 mg/kg, which greatly surpass their background values (0.095 mg/kg for Cd, 30.4 mg/kg for Pb, 22.2 mg/kg for Cu, and 81.1 mg/kg for Zn) [28] [29] . High enrichment of metals caused great effect on the environment of the river basin, and much research has studied the distribution and subsequent ecological risk of metals in some medium (soil and sediment) [24, [29] [30] . However, the spatial-temporal distribution and potential sources and human health risk of the dissolved heavy metals were still little known. It is necessary and important for managing the metal pollution in river and protecting aqueous ecosystems. Moreover, the Le'an is a significant tributary of Poyang Lake -the largest freshwater lake in China. The results from these studies are also significant for the aqueous ecosystem and human health of the lake.
The objectives of this study were: 1) Analyze and evaluate the spatial and temporal variation and pollution levels of dissolved heavy metals in the Le'an River. 2) Identify possible sources and explore the factors that control the availability of dissolved heavy metals. 3) Assess the human health risk subjected to dissolved heavy metals with two population groups.
Materials and Methods

Study Area
The Le'an is located in northeastern Jiangxi Province, China (Fig. 1) . It starts from Huaiyu Mountain and runs 279 km from east to west. The river's basin covers 8,989 km 2 and flows through Wuyuan, Dexing, Leping, and Poyang counties before flowing into Poyang Lake. Its mean annual runoff is 99.367×10 8 m 3 and average annual precipitation is 1,687-1,870 mm, most of which is concentrated in summer. Dexing is the famous nonferrous metal mineral development zone in China, and Dexing copper mine is the largest open-cast mine in Asia [31] , and Pb-Zn ore is located downstream of Jishui River (the most important tributary of the Le'an and adjacent to the city of Dexing). Some small-scale mineral development zone is distributed in other areas of the river basin. The Dawu River is an important sewage outfall of Dexing Copper Mine. Most agriculture is distributed downstream of the Le'an River (after S14; Fig. 1 ).
Sample Collection
Four sampling campaigns throughout the Le'an River in May, August, October, and December 2016 were conducted. Surface water samples were collected in 24 sites except May (21 sites) along mainstream, and an important tributary (Jishui River) of the Le'an. Thus, a total of 93 water samples were collected at a depth of approximately 10 cm (Fig. 1) . In each site, three replicates (250 mL) were taken about 100 m apart and collected at a depth of approximately 10 cm below the surface water of the river by using previously acid-washed (15% (v/v) HNO 3 for 24h) high-density polyethylene (HDPE) containers, which were subsequently well mixed. These mixed samples were immediately filtered through a prewashed 0.45-μm nitrocellulose filter, and the initial filtration was thrown away to clean the container.
The remaining portion was stored and acidified to pH <2 with suprapure nitric acid in situ later. After that, the samples were kept in an ice box and then transported to the laboratory and stored in a refrigerator before analysis.
Determining Heavy Metals
To explore the dissolved heavy metals concentration in surface water and human health risk in the river water of the Le'an River Basin, the concentrations of vanadium (V), chromium (Cr), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), cadmium (Cd), barium (Ba), lead (Pb), iron (Fe), and arsenic (As) were determined by inductively coupled plasma-mass spectrometry (ICP-MS, Thermo Fisher X series). The limit of detection was 0.047 μg/L for V, 0.026 μg/L for Cr, 0.006 μg/L for Co, 0.054 μg/L for Ni, 0.055 μg/L for Cu, 0.04 μg/L for Zn, 0.003 μg/L for Cd, 0.012 μg/L for Ba, 0.045 μg/L for Pb, 0.309 μg/L for As, and 2.612 μg/L for Fe. Recovery rates of trace elements spiked in water fell into the range from 89 to 110%. In order to assess the absence of any contamination occurring from reagents and materials, whole procedure blank tests were performed on double-deionized water (Milli-Q System, Millipore) to keep matrix interference (blank) <2%. Triplicates of sample analysis yielded a relative standard deviation (RSD) of <5%. Otherwise, the determinations were done again until all data reach the standard.
Heavy Metal Pollution Index
Heavy metal pollution index (HPI) was based on the weighted arithmetic mean calculation of selected parameters to evaluate the critical level (100) of water quality The HPI was calculated as the following expressions according to Horton (1965) [32] : (1) …where W i is the unit weighting factors of selected parameters and Q i is sub-index of the ith parameters. Q i was obtained through the following equation, which is specified below: (2) …where M i is the monitored value of heavy metal of ith parameter, I i is the ideal/baseline value of the ith parameter, and S i is the standard value of the ith parameter. The sign (−) only demonstrates numerical difference, ignoring the algebraic sense.
The HPI was always applied for assessing water quality served as drinking [33] . In this study, the HPI was applied for evaluating the water quality served as habitat for aquatic life. Therefore, the weighted (W i ) was calculated as the inverse of S i , namely criterion maximum concentration (CMC; for protection of aquatic life) and I i -used criterion continuous concentration (CCC) as ideal value of the selected metal. The specific parameters of HPI in this study are listed in Table S1 . The calculated HPI only relates to Cr, Ni, Cu, Cd, and Pb due to lack of the corresponding recommended standard for other investigated metals. The critical pollution level of the HPI value is similarly set at 100, as given by Prasad and Bose [34] .
Metal Pollution Index
Metal pollution index (MPI) depicts the composite effects of all selected metals on water quality [35] . The MPI is calculated as the sum of the ratio between the concentrations of selected heavy metals and their corresponding maximum allowable concentrations (MAC). The drinking water standards of China [36] are applied as MAC for the heavy metals. The MPI was calculated as the following equation: (3) …where c i represents concentrations of the 'ith' metal and MAC represents maximum allowable concentrations.
Water quality based on MPI is categorized into six different classes: MPI of < 0.3 represents very pure (Class I), 0.3-1.0 poor (Class II), 1.0-2.0 slightly affected (Class III), 2.0-4.0 moderately affected (Class IV), 4.0-6.0 strongly affected (Class V), and a MPI of >6.0 represents seriously affected (Class VI) [37] .
Assessing Human Health Risk
Health risk of local people was evaluated by risk guidelines of USEPA [38] due to lack of standard for acceptable maximum carcinogenic and non-carcinogenic levels in China, which was proved successful and adopted worldwide. Dissolved heavy metal in water enters into the human body through direct ingestion and dermal absorption. The chronic daily intake of direct ingestion (CDI ingestion ) and dermal absorption (CDI dermal ) for dissolved heavy metals were calculated by the following expressions:
The values, descriptions, and sources of parameters in the previous expressions are presented in Table S2 .
The hazard quotient (HQ) is used to evaluate noncarcinogenic health risk, which equals the quotient between CDI and the oral reference dose (RfD) using the following equation as prescribed by the USEPA [38] : (6) …where RfD is the corresponding reference of average intake of each exposure pathway which gains from the USEPA [38] database. The values of RfD for ingestion and dermal exposure in this study are presented in Table 2 . The RfD values of each dissolved heavy metal are used to determine HQ value for children and adults. The hazard index (HI) values of local people equal total HQ value of each exposure pathway and are constituted by children and adults. The value of HI is calculated by the following expression according to the USEPA [39] ; (7) Values of HQ and HI less than one (<1) are considered as no risk for local human health, while the values greater than one (>1) are regarded as high risk of the toxicants and long-term health hazard effects.
GIS and Statistical Analysis
The distributions of each dissolved heavy metal in the Le'an River were presented by using ArcGIS software. One-way analysis of variance (ANOVA) was applied to compare the seasonal difference. The overlying factors control the interaction and the relationship between the different variables were identified by principal component analysis (PCA). Factor analysis (FA) was used to maximally reduce the variables and extracted the factors with eigenvalues greater than 1. Moreover, Kaiser-Meyer-Olkin (KMO) and Bartlett's sphericity tests were performed to test the suitability of the raw data for PCA/FA. Reduction of variables is accepted when the KMO values are >0.5 and p<0.05 [40] . The interrelationship among the selected variables was tested by Pearson's coefficient analysis with statistical significance set a priori at p<0.05. Cluster analysis (CA) was always used to classify the similar variables and cases. In this study, hierarchical agglomerative CA was applied to the normalized data set to test sites' similarity with the squared Euclidean distance with the betweengroup linkage method.
Results and Discussion
Concentrations of River Surface Water-dissolved Heavy Metals and their Spatial Distribution
The descriptive statistics of dissolved heavy metals and their distributions in the Le'an are presented in Table  1 (Fig. 3) , Cu, Zn, Cd, Ba, and As had similar characteristics. The lowest levels of these metals (2.99 μg/L, 4.95 μg/L, 0.03 μg/L, 15.95μg/L, and 0.83μg/L for Cu, Zn, Cd, Ba, and As) occurred in the upstream (S1-S4), which had the least mining and agricultural activities, while the highest levels (25.08 μg/L, 321.43 μg/L, 5.63 μg/L, 109.65 μg/L, 11.45 μg/L for Cu, Zn, Cd, Ba, and As) happened in the midstream of the Le'an (S9-S12), where the most violent mining activities were distributed. The midstream of the Le'an was encircled by such mining areas as a copper mine and Pb-Zn ore, which possibly discharged abundant sewage water into the river and contributed much dissolved heavy metals content to the water environment. This indicated that these metals in surface water were possibly related to mining activities. Yu et al. [29] also found that the agricultural soil at Dexing, located in the midstream of the Le'an, had the highest Cu level. It was worth noting that the levels of these metals downstream of the Le'an were higher than those in the upstream, but lower than those in the midstream. The downstream of the Le'an River were the developed area of agriculture, and a great deal of fertilizer and pesticide were used. The previous studies found that frequent use of fertilizers and pesticides caused heavy metal enriching in agricultural soil, increasing heavy metal input into river and eventually destroying the aquatic environment [41] [42] . Therefore, we induced that the higher levels of these metals in surface water were possibly derived from agricultural activities. It was found that concentrations of Co, Ni, Fe, and Cr had similar spatial distributions. All highest levels of these metals happened in S5 -the site of the sewage outfall of the Dawn River. V and Pb had two peak values that were distributed in the Jishui River (the tributary of the Le'an) and the downstream of the Le'an.
Based on Fig. 2 , concentrations of dissolved heavy metals in most sites were higher in the dry season than those in the wet season -especially in the mining area. Analysis of variance (ANOVA) showed that the dissolved metals in the surface water exhibited significant fluctuations that varied with different seasons, except V and Cu ( .34 μg/L (S1) and 624.27 μg/L (S11) in December. As a whole, the highest total concentrations in all sampling sites concentrated from S8 to S12 -sites located in the Jishui River and significantly influenced by copper and Pb-Zn mining activities. The levels of all metals in surface water in the dry season were significantly higher than those in the wet season and showed significant seasonality (Table  1) . Dilution due to high precipitation in wet season was the most plausible explication for most of the dissolved metals owning to their lowest concentrations. Similar results were also found in other studies [43] [44] . However, this diluting effect seemingly did not work for Cu and V (Table 1) . Compared mean concentrations of dissolved heavy metals in the Le'an with drinking water guidelines issued by WHO [45] and China [36] (Table 1) , the concentrations of all selected metals were below the threshold. Specifically, Zn concentrations of site 12 in October exceeded the threshold established by China, and Pb concentrations of site 18 in October were comparable to the threshold issued by China. In December, Cd concentrations from site 9 to site 12 were higher than those values set by China, and Pb concentration at site 10 was comparable to the threshold issued by China.
Integrated Approach of Heavy Metal Pollution Index
To evaluate heavy metal pollution indices of river water we calculated heavy metal pollution index (HPI) and metal pollution index (MPI). The results of HPI and MPI were presented in Figs 4-5. The mean HPI in May, August, October, and December were 54.81, 45.68, 72.75, and 161.80, respectively. The critical pollution index value is 100, below which the overall pollution level should be considered acceptable for an aquatic ecosystem [46] . In August, HPI values in all sample sites were below 100, and the pollution level was considered acceptable for the aquatic ecosystem. In May, all of the sites were below 100, except for S9 and S11, which were 114.98 and 226.12, respectively. In the dry season (October and December), the aquatic ecosystems in the sites from S9 to S12 and S23 suffered high pressure from dissolved metals with HPI higher than 100. And the mean HPI values from S9 to S12 ranged from 230.55 to 707.94. The pressure was higher in December than that in October due to the higher HPI values. The MPI values presented similar results that dry season and showed higher MPI than that in the wet season. Specifically, ater quality in sites S9 to S12 were strongly affected or seriously affected by the dissolved metals based on MPI standards. The surface water of all sites except S11 was clean in May. In October, waters in S10 and S18 were slightly affected, S9 and S12 were at moderate level, while water in other sites was quite clean. Most serious pollution happened in December. Water quality in S15, S19, S21, S22, and S24 was slightly affected, S12 and S23 were moderately affected, S9 was strongly affected, and S10 and S11 were seriously affected. This indicated that surface water quality from the Le'an suffered certain pressure from the dissolved metals, especially in the midstream and dry seasons.
Potential Human Health Risk Assessment
We evaluated the potential risk of human health for water ingestion through oral consumption and dermal absorption of dissolved metals were evaluated. Adults and children in this study were the two groups of population to evaluate potential heavy metal health risk. In order to calculate the chronic daily index (CDI), hazard quotient (HQ), and hazard index (HI), the mean concentrations of four campaign samples were used. The values of HQ and HI are presented in Table 2 .
The order of mean HQ ingestion of both children and adults were As>Co>Cd>Pb>Cu>Zn>V>Ba>Cr>Ni, and the values of HQ ingestion for children were higher than those for adults. Mean values of HQ ingestion in 24 sampling sites for children and adult were less than 1. Specifically, the higher values of HQ ingestion were observed at S8 and S9 for V, S5 and S6 for Cr, S5 and S12 for Co, S5 and S12 for Ni, S11 and S12 for Cu, S11 and S12 for Zn, S10 and S11 for Cd, S10 and S8 for Ba, S10 and S23 for Pb, and S11 and S10 for As. The HQ ingestion values of Co (S5) and Cd (S10) and As (from S9 to S12) for children, and As (from S10 to S12) for adults were higher than 1, which indicated that it had significant harm to the human body due to oral consumption of water in some Le'an sites. The HQ dermal values for the children and adults had the same order and ranked as As>Co>Cd>Pb>Cr>Ni>V>Ba>Cu>Zn. The highest HQ dermal values of V, Cr, Co, Ni, Cu, Zn, Cd, Ba, Pb, and As appeared in S10, S6, S5, S5, S11, S11, S9, S9, S9, and S11, respectively. Compared to HQ ingestion , HQ dermal was considered as a negligible contribution for human health risk, which was consistent with the results in the other previous study [43] . Therefore, oral consumption of the dissolved metals was the main pathway for human noncarcinogenic risk in the Le'an. HQ ingestion of As was nearly 1, implying that As may cause adverse health effects and potential non-carcinogenic concern. Previous studies reported that high As intake might cause adverse health effects, including hypertension, neuropathy, diabetes, skin lesions, and cardiovascular and cerebrovascular diseases [47] .
The HI index of selected heavy metal was calculated and presented in Table 5 and Fig. 5 . The mean HI of all heavy metals both for child and adult were within the safe limit. The orders of HI both for child and adult were As>Co>Cd>Pb>Cu>Zn>V>Ba>Cr>Ni. Mean HI values for children were significantly higher than those for adults, indicating that children in the Le'an River basin suffered a higher health risk. Heavy metals of As, Co, Pb, and Cd contributed a high percentage to non-carcinogenic risk for children and adults. For children, HI of dissolved heavy metals exceed one for Co (S5), Cd (S10 and S11), and As (S9, S10, S11, and S12). For adults, HI of As exceeded the limit threshold in S10 and S11. Sites with high HI values for both children and adults were mainly distributed in mining areas (from S9 to S12; Fig. 5 ), and the HI values for children were basically twice as much as those for adults. This indicated that the people distributed in mining areas suffered high health risks and needed to be pay more attention. Just like in the Ganjiang River, As undoubtedly was the most important pollutant in the Le'an [43] . The main traditional purification processes -including coagulation-sedimentation, sand filtration, and disinfection -were employed for purification in China, which hardly removed the arsenic pollutant [48] . Therefore, we must pay more attention to arsenic for local residents in mining areas -especially for sensitive children.
Using Multivariate Statistical Analysis to Identify Sources of Heavy Metals
Multivariate statistical analysis such as principal component analysis (PCA), correlation coefficient analysis (CCA), and cluster analysis (CA) were used to identify the possible sources of heavy metals in the Le'an River. PCA is well developed as a statistical technique to identify the different groups of heavy metals in river water and thus could be considered as having a similar behavior and a common origin when heavy metals are in the same group [9, 44, 49] . In this study, the potential sources of dissolved heavy metals were explored by using PCA and CCA analysis combining their spatial distributions. Results of PCA are presented in Table  3 . PCA of the normalized dataset extracted a varimax rotation of PCs with eigenvalues > 1, and there were 3 PCs explaining about 86.419% of the total variances of information contained in the original dataset. The values of KMO and Bartlett were 0.591 and 0.000, respectively. The first component (PC1) explained 39.352% of the total variance and had strong positive loading on Cu, Zn, Cd, Ba, and As. The second component (PC2) explained 28.62% of the total variance and had strong positive loading on Co, Ni, and Fe, and moderate loading on Cr and Cu. The third component (PC3) explained 18.564% of the total variance and had strong positive loading on V and Pb, and moderate loading on Cr.
Similar information from PCA was provided based on CCA among heavy metals in the Le'an ( Table 4 ). The correlation matrix showed that there were a number of great positive correlations among the selected heavy metals. Heavy metals pairs V-Cu, V-Cd, V-As, Cr-Ni, Co-Cu, Cu-Pb, Zn-Pb, Cd-Pb, Ba-Pb, and Fe-Cu had a significantly positive correlation at the p<0.05 level, whereas the heavy metals pairs V-Ba, V-Pb, Co-Ni, NiCu, Cu-Zn, Cu-Cd, Cu-Ba, Cu-As, Zn-Cd, Zn-Ba, Zn-As, Cd-Ba, Cd-As, Ba-As, Pb-As, Fe-Cr, Fe-Co, and Fe-Ni had a significantly positive correlation at p<0.01. Based on previous studies [50] [51] , it might be deduced that the heavy metals had common, mutual dependence and identical behavior or were affected by the same factor(s) during transport if the correlation coefficient between the elements was positive. The observed correlation matrix basically supported the result from the PCA for dissolved metals in surface water. Based on the results of PCA, Pearson correlation analysis, and spatial distribution, the sources of selected heavy metals in surface water from the Le'an could be identified. The first principal components (PC1), including Cu, Zn, Cd, Ba, and As, were derived from mining exploitation. The second principal components (PC2), including Cr, Co, Ni, and Fe, were mainly lithogenic. The third principal components (PC3) containing V and Pb were caused by mining exploitation and agricultural activities.
The high level of Cu, Zn, Cd, Ba, and As were distributed in the Dexing area, which was located in the midstream Le'an River. The Dexing area suffered huge pressure from resource exploitation such as the Dexing Copper Mine, Fujiawu Copper Mine, and Pb-Zn ore, and mineral wastewater from these mines were discharged into the river and became important sources of Cu, Zn, Cd, Ba, and As. Previous investigations showed serious Cu enrichment in the Dexing area due to mining activities [30, 52] . Industrial activities accompanying mining introduced loads of As to the environment [53] . William et al. [54] analyzed the effects of industrial activities on Zn emissions and found that nonferrous metal refining resulted in a great contribution of Zn emissions to the environment. The previous evidence also indicated that mining and metal smelting could cause high Cd levels in the environment [55] . Therefore, we confirmed that Cu, Zn, Cd, and As were closely in relation with mining activities. Although there was enough evidence that Ba had some relationship with mining activities, the similar spatial distribution and close relationship with Cu, Zn, Cd, and As proved by PCA and CCA confirmed that it had a close relationship with mining.
Fe was found to be abundant in the earth, and the second principal (PC2), including Co, Ni, and Fe, were therefore assumed to originate from natural contributions [56] . The previous also reported that rock weathering was the source of Ni in the environment [57] [58] [59] . However, the levels of these metals were high in S5 possibly due to the violent mining activities or high geological background levels.
The third principal components (PC3), comprised of V, Cr, and Pb, had mixed sources from agriculture and mining. The result from spatial distributions demonstrated that V, Cr, and Pb in sites from S18 to S24 were mainly derived from mining activities, and these metals in sites from S18 to S24 mainly originated from agricultural and urban activities. Previous studies proved that agricultural activities had significant effects on concentrations of the dissolved metals [60] . In China, fertilizers always were regarded as the main source of Cr and Pb in farmland [61] . Additionally, previous studies reported that both mining and agricultural processes input V into the environment. [62] . A huge percentage (about 50.43%) of agricultural land was distributed downstream of the Le'an, which possibly resulted in high inputs of fertilizers and pesticides containing inorganic elements into the river.
The dendrogram resulting from CA showed four main categories (groups), i,e., cluster 1 (sites 1-4, 7-9, 13-21, and 24), cluster 2 (sites 10-12), cluster 3 (sites 6, 22-23), and cluster 4 (site 5) (Fig. 6 ). Based on mean concentrations of dissolved heavy metals in four clusters (Table 5) , concentrations of Cu, Zn, Cd, Ba, As, Ni, Co, and Fe showed significant differences among four clusters. Cluster 2 had the highest concentrations of Cu, Zn, Cd, Ba, and As, and cluster 4 had the highest concentrations of Ni, Co, and Fe. In cluster 2, concentrations of Cd and As were higher than their drinking water quality of WHO and Chinese standards. Furthermore, sites in the same category were regarded as having the same source of pollution [63] . We believed that the sites in clusters 2 and 4 were predominantly influenced by mining activities. Sites in cluster 3 were significantly influenced by agricultural and urban activities, and water quality was relatively clean and mainly derived from geogenic sources.
Conclusions
To study the sources and levels of dissolved metals along the Le'an River we applied multivariate statistical techniques and scientific indices. There was significant seasonality of dissolved heavy metals in the Le'an River and the higher level happened in the wet season due to the dilution effect of precipitation. Spatially, high levels of selected dissolved metals were distributed in the midstream and downstream of the Le'an, which suffered from mining and agricultural activities. It was found that water quality from sites S9-S12 suffered from serious pollution based on the calculated HPI and MPI. Human health risk assessment indicated that As, Co, and Cd were the major contributors to the exposure risk of the local inhabitants. Human health risk from the dissolved metals was below the safe limit except for Cd and As for children and As for adults in midstream Le'an. The exposure risks of the adults were less sensitive compared to the children, and oral ingestion was the primary exposure pathway. The spatial distributions, scientific indices, and multivariate statistical analyses indicated that Cu, Zn, Cd, Ba, and As mainly originated from mining activities; V, Cr, and Pb had mixed sources from agricultural and mining activities; and Co, Ni, and Fe were caused by natural contributions. Hierarchical agglomerative CA grouped all the sampling sites into four clusters based on the data set of HI, HPI, and MPI values. In cluster 2, concentrations of Cd and As were higher than drinking water quality of WHO and Chinese standards. Clusters 2 and 4 were predominantly influenced by mining activities. Sites in cluster 3 were significantly influenced by both agricultural and urban activities, and sites in cluster 1 were mainly caused by anthropogenic activities and geogenic sources. Supporting Information
